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cMpU.c•ted •um4ttcm of a oUlllHtr of proo•••••· '&eM proea•H• tmrolv. 
tbe tate-ractioa of m _... .. , of a,..ollOelc,, plar•toloatoal., .eod •111tnnrto1 
pbellOMA.. All the•• pt'OC••... lDt•l'&ot topthff' OD th• •oU ...... t!M 
beuvlor of vblcb uftttel' the•• coocU.U.ou u • •tt•'C' of great i11POrtanee 
to • -art.cultul'&l eagl.oeer. lead• plaotu to •oil fm ._raet1c• •r• 
alao p-eatl)' a.fleeted by CRH cOQlilittou, lM&t •tudy va• directed •bdy 
J 
to t e behavloY- of ail under tll• iaf l'Ueoce of tlW•• proaea••• •"' to a 
1e•••r d•ar•• dUJ reaction of tit.a •udU.q te tile proe••••· 
taportant f.ctor• •• reported b7 •number of lQfteUptora df•ctt.na 
th• Mllt'pnce of plant "fldUnp 11\ .-oU ar•: u foll-.1 
l) Hot•tur• ~ontant -
-. 2) c.:.paatt.011 preaaul'e 
3) Temperature 
~ 4) P .......... Utcy aod poroaitf 
_.. .S) Aaareption ud p-.autaclon 
7) Mineral• aocl m.atrt.ni. 
8) OxJa•a awl earbora 4tc:»tt4• 
-• 9) hptb of plaatt.n1 
10) Oharacterl•tic• of IJeed 
11) Light aft4 tS... 
12) loj.ury 
described ia rtgl.d l>h1•tcal. •th ... tlcal Ad •l'llllle4trt.aa tum. tf auf• 
f10:teat lnfomattoowre .,_llute. a. fan operation• could be perfo...,.S 
at t • optt.111 condtt:ioa _. tt.. !hta 1-k <>f t•foi-•Uoo 1• a Ujor-
ot•rrenc fOT a •P'icultwaral e..S.-.er who llu to f1Qd •olutiOU for n.l 
an pby•tca1 ptol>l .. fos qrte:ultual clwql.,..at . U.1••• ..... c. 
lafoaation u •v•U.abl•, ..clluteatton i• apicvlt.ure., wbtda lru •o fa 
lta•• developed tnd propeued bJ trl•l net err-or •tbod•• viU not prOC*ed 
at a .. u.tactory rate . 
••••u•ll M.t: bffa c::oalueted l'•C•atly np.rdl11a tba •ff.eta of c011pu• 
tton: preH\l1!'•• •l•tur• coatat -4 drylq on the ... rgence of 1ffdUnp 
ad dl• fqrce vlth •Id.uh tta.1 peMtrate tbroqb tlut •oil.. It wo ob .. ned 
't:bt ttl• •ti'•natb of 1011 *"'• buce, ta.. ••rpnce force wr .... cl wltb 
·toc:r•ue ln 1urf&ee co.pao.tioQ• toltl•l •i•tur• c•t••t aad leqth of the 
4ry1na 1Mtrtod., ft• eff•t of et•io futOI"• ''"" • e:...-•cvre, aoll •a· 
ar•Pt• •tu, •tc.. oa tile •treqtl& ol ffU vu DOt, •tudted. Sufflclat, 
tnfoC1¥tlon 1• avat.la1>1• baM4 oa • .,.ri.atal oNen•ti.ona, r•prcU.aa U.. 
ta.flqoee of die owe •ott.o-4 f.tcior• «m tn ... rpnce •lid powtla of 
••edUo.p; kt ti. ••• of ,•trenath of uU u4 -rp•• fore• of ••ed· 
Un .. ua4er tile a°" Crdc.eac• •ttU r .. tned opea &rt low•tlptloa. 
!be object of thi• •tudf vu to evalucc. die effect8 of t..,.rature. 
ll011tur•• •ortace c:011P•tlon, ad awepce •l• 011 tile ... rpcu:e fore• oa 
aeecUtnp aM to develop an empirlca1 MIJl/ot tta...tt"l nl•U.oo b"y uiq 
ti. prtnolple• of •o·U •nlll'dc• for, calcn.al•tlll1 ti•• ... raf.at force 
•nrtecl 1ty the •MCI U.np. 
J 
U91D Of t.ltlMTUll 
A hl'VO)' of the Uteratur• tlldlc•t•• that tbe •ubj.ct of ._rpnce 
and l"•tll of plants l• vt111 documente4, bu~ 11.ttle iaforation l• avaU• 
able re1arcUq the -raeaca fol'e• developed by •ffdUup ad ~be 
de•cripttM of .failure of toil ta eaglnffrla1 teN* •t the '*·• of 
e:&1111~1eoce. 1'b4t reeent ~•view wlll attellPt to avoid u~ceaa.a:y d~pllc•• 
do of tile C'eviw Md• by .uy l•ve•ttgato:r• c:m thtt •ubj.ot. of ._l'tertce 
•ftd grwtb of plats and d•YOte •putet au.eotion to ltt.erature °" tbe 
force eurted by the ..-uap ad it• releUoo to •trenatb of eou. 
!be lt.tel"etun tor cl1ia •tody vUl be 4.lHu•Hd \ladei- the followf.Qa 
haadt pt 
1. Cn•t •tr•aatl:l 
2. Root presaure and penetratloa 
). &oil coaipacUon ad imped••• 
4.. IM:ra••• tore• aad •t¥'••1tb of toU 
s. sou lltCh& tea .. 
Surface cn:uet .1• an ttDpOl'tant factor tn pl'eventtq ••••lllq .. raence. 
Cru•t• frequently ue tao bud for •••.Uiop co penetrate. flM\l tll• cna•t• 
ue hal!'d, plan:ta •r• broken or vproot•4 wll•n ci.. 41'Ult u --4 dQl"lq 
cultivation. Carne• (1934) •cated that on• of the l"•t••t proa.1 ... to 
cotton prod'~cttw t• obta1atq ·aood ata1'1l1· aaid tut eoU orutt• are u. of 
the •Jor r•uou for poor et.ncl•. Be uaed the mdvlua ot naptu.re eo 
•••lu•t• cruate under coo.dttloa• o! dryins .er wtttag.. le reported tbat 
• 4-nue tu tu f.'ata ef 4r,lq l•r-ed the •treqtb of dle crtdt:. He 
,_. • lttvft• ••l•tt•Ub1t -...... dle t.l'dktna •i..-.• .- •S.•t•I'• 
.c:.,nate11t of die Cl'WJt. r.wit.aanore. b ohMl:'M4 dMlt, ta eb8t.ul utun 
of ta. ull alfut-4 tU l>r-'ttaa •tl'•bftll of tu <tl'U·t aid th•t tbt cru1tt 
atpqtb 1n ., ... ll•J.U ,, .. ITNUI' ln di• af.ddt.. tb&o ~ t- l'J.dp•. 
Uc;harrcl• (11$)) -4 ll!Odulu ol npll.U!e • • t4ldu of •U •tteaath. 
le •1ore4 • l"ffUlW&Ut: .._ of •oU. cru.t vttb lo.t at it• cent•.- 11tca 
a •U.1J -.ported ..... the ......... ft1-r ••....,. ddf.pat.S a , Mdu1..-
of naptqre V# calculatd fJ'Olll tba foUOtd.taa fol*lat 
' • la&th of beaill 
• • wtdth of M.l.tl 
d • dtptib ot .._ 
'P • W.O,ing f or«;e 
lie fOUftd that vtwta th •ntt •tnuatb incr.....S fl'M 10& to 273 
ld.tllbar•. ch9 ..... ..-. of be• . .-u.ap ...__._, fS1M tluQdl'-' .-rcut 
to Ul'O J'NH"Cftt. 
· ·lfankl eel ftol',. (1156) nportu. cbat mdv.l\la of nptun l• • po6 
...,u.,• etf rew•t •tno.atb ·u r•l•ted to ...t1lng eMr~ of •at eel 
dllll• plat•. ne, t~ th.at. foi- • pwn. ....... •tr•u.a•. tM· aedltag 
.-!'P•• of wheat wa love•t vbere at1 •t•nn '¢0ft'teat.,. lO!N•t, 
The rate of vb.eat •••11.tq .,.1l'ae-• _. dkeetlJ nlatecl •o -..u •i•tu" 
eutat:tt. :S.lk d••it:J vu related lodi:rffCly too MN.liq •-*'&••• ta 
' 
t at any 
• feet o -rpnc • ~. it ,, .. fov t 
ttclu • • 1-.r 
clqrM of aaar•aa to. __ tlae~---
0111 (19.S ) onenect laat •1"11aa of •rfac• l*Jft of totl oootr-lllut-4 
,... co die at:r ... t of 9011. M COllPUM t daat l>f •IPaa· • fou.t t 
vbn LloJd 01.ty u rl-4 alowl1 '""'" • ferlod of i4 .. ,. the lloal Mil 
•tr ath •• 11 Pout 1/S tla&t of die ._. eoU drte4 to a 1__. muture 
ten t owi- •put.eel ot 0017 dane lloun. 
Tay lo ( 1f6!) 
r11nc• of ..._t, F•f.n ~pua ai:id pa-. 
was pa11t1'•tloa ,......,,. ruat fr• 15 to 
t c~• .. • of 1/4-, 1/2• 
.. .... baat .. Qaiq Cl'at 
......... ... af fMt-4 .. , 
u.rulloB• ad b7 tlatc •• of cnat1. le •t•tM tMt a cuntll..r nta .. 
tp uut• h · RliClltq ...-..-. nd orut unnee•. a. 
in _, of • tJmM pl t .,.cte• vtaen dae a 
peoetratf.on ....,.r ... 27 r l•••· All el'Ut tlttckDI•• .......,, t.e. 
lalpar wax ,..tutf.oa; IOfUI' ......... ....-1"4 Mf01'4l..., ·-~111 .. 
.-r..-. occurnd. 
loott (1962) prttpel'e4 al'tiftctal cru•t hJ tnMitlaa tH>tl 
' 
rupture f soil ... (1) a lC'eet fQnctio f it• .,.._ e11ChaQse c:.&P41C1ty 
tc S.. .... t1all1 • coapoflte .... ur• of qu.uU.t7 ad t)?t of clay. 
(2) a direct f\aoc :Lon of catci• caboaat• eOGtent an4 (3) 
fvoction ot the oraantc .. tter coni.u;. 
by ttetfer (1$93) no• r-k .. been tranalat-.t bJ 0111 -4 Bolt (ltSJ). 
d.-outr•t.. tlaat .... pl&llta wn capabl• of ••rtla& 1'00~ arovu 
pr.Mure• of 16 at9C>•pMl"U J.o uta1 4treetf.on -' 6 ~Jbel'•• i a 
r1111u.-1 dtnctlon. OtU-' llft' (1956) .... ..red ~t P'owtll pr••tGl'd 
er ,,_.,la& oOIMUtlou t conf t.111"1 Pl' ... un• .- OX7 .. D coa atraU.oa • 
.,._,found dlat om ...au • eldat.•1tt4 .. ~ povth rata u •ter-aal 
f 
c.,..,lllti of p te 
hebrMO th4a pl 
Hedllap P'W •l• el' uwl•r decr..._t -oxyp 
Utel'Ml l'dS..tMU. GJ.11 (1961) espnaMcl tlut 
parfoned dud.as n.t.rat:aed srawtb. 
ao. i ettptol'• IMlw propoMcl tlMt tel•• of 0 tllreallo14 cleUltJ" 
ld oot 
1 
clay •of.la. Trod• Qd laMert (1961) cletend.-t .._ • .,1rt••l 11111t• 
abowt 1'llick ·•uaar,.,... ROt• 4td aot pnetr•ta ta._. a.au.an aof.11. 
Wie'l'Mll (ltS7) •tu4ie4 pol'•· •f.u 'ri&tclit1 tn nl&tl.on to tile peaetl"•· 
tioa of •evera1 plant MedUa& root•• Be t1aed •i·rttered Cl••• .U.lter 
d.i••• of cU.ffereat pon •i••• to provide • rlaid ro•• atruct••· a. 
found oertat.a pore ., ... below ftloll .,_.,_. pla•t note vou14 not 
peutr•t•~ Jl'Olll thu t. 00001\ld& tbat por• atn •• the lilportant fUtOI' 
Um1ttng root peoetratton. 1b11Up• ud Uwkh• (1961) •t.udle4 con •Htl""-
Uria root ,peutratton u•toa tl• ·tecblllque wb:Ull Vler.,. W uu4. ft•i'l' 
i"e•lt• for eoT<a wn t.n ape-~ vi.di tbei rNUlt• tCNllfl bf WlerlUll for 
othu plaiat •"4'=1••· 
tayl•r &ad .Qaria.r (1960) uttcl WP .-.tr•tN I• at.lated plattc 
pana to atwf1 the abiU..t7 o.f plao too.t• to pe¥U'&t• ncmpofttl• •t•rS.l• 
for varlou• rtgidlti... !Ur foun4 • cldtnt.t• C'•lattoubtp bet.,.. tbe 
perc•ntap of root• penetr•U.ttg tt.e hb#tr•te •• tile wa; ct•l.f.U. tJ 
_..ui-ed by DN puetotton ...._.. lloot. penet.,abllltJ u••r a alwta 
t~ .. t .. nt u•~•lly t11e.......i .. th.- pe-a.tl'A•ittty of th• wa-. •ubat~•t• 
tacr:eaqd. T•1l•r (1962) u•taa th• MM ·ce.:h•d.'111• of wa subftrat• 
det•raiM4 a ll•a l"•l•Uould.p Ntwn •"4l1na Mft".pace ·am v• 
peutr•Ucm 'IWll!Mtl' (•• ._s.n.cal ..a11r• ot wa laanl•••). .. qbHsved 
tbat ao awttohp•• .. rpnoe oocurred vlleo die •• .-•crau ..ou IUll>er 
vu t7.S °'let•. Penatap ot "-'11111 MffaeMe iaol'Uffd .. ta. 
peatrat'°" --.r laor ... ecl • .._ 27.S. MM'Nt 60 penant .__.,._. 
oec11na6 wt.tb • pnetr•tton --. .. of ao. 
8 
t.•Mift ftMUOh .... """ .... Oft u. •1>J•t of toil C<M1Pactloa 
amt Uirp4'c1Mce, Oa.11 receat l•• .. tt&cdoiw will h ••tlOMd ta eta. 
Stout ( 1959) •tudf.d dM eff•t of 9011 eollfACttoa oa dM -1' .. DC• 
of •Pl' beec .... u p itt dae field. Ii• -TlltftC• Uta 1CMU.cated bill\-
.. t .. r..-. f API" '-et ._.U.ap at • OlllpAOtioe preNVn of •l• 
pot.aod• ,_ ....,.. t..a. .,,u..c b7 the pla"r pr•• -..1 at He4 leftl. 
fr'OQM and ••ert (1961) •tudi .. tile effect• of •ll c~tton oo the 
Clewlopmtlt of auaar cane root• •las l'M~MU.• h•tcU.• ,1.- ta ti.. 
caoter of CQllfMCted MU cor•. a.cJa core ... c0111pl•tel1 •rrotaMe4 vitla 
u...-t..i Mil of tli• ... cype. At dllt•..-t •ua-• of c-. P'Olftb, 
bt.dW.-8 covata-wn .U• to il•t•dln. the, ....... of root• to tJae 
~-.acUtl con_a. 'ltae• •todt .. tD!luted • •.acr .... tn t"OOttq efttctuc)' 
vttlt iM'l' ... lGI Mil d.U1t7, 
l rtoa (1962) ltudl .. the effect of c-.atf.on pl'eMUU .aa.ar 
/\ •uenath of eoll. *1 ..alua a toratoo ..._.hit, lut fouad tb.t compaction 
t•r•&Md tM ..... rtaa •tnnatla Oout •l• t.._• u bulk -..tty of aoU 
iocr...- froa 1.1 to l.7 ti~ wttb •htun ,.l'ffftt ... laeld coaataat. 
CUl ....S lller (195) 4"1.Hd • l'ut.bft 411.apltnata tMt ofte .... 
lllchaAie•l lapecleace to l'OOt ... owtll uader COQtroU• Mil •tmotplaen .. 
·iu, fouact daat 'tM rat• of arwdl f•tl to •ero • ... u lawt. of 
pr.MUI'• red\lctlfl the rate of •loaaattoa •n tM.ll «be ~ t.oc..-at. 
Wom.cl .-oou were •••-4 llkroacoplcaU1 Alllll the cell• wn lO\JDlll 
to h fl&tteM4. 68 die applted Cb.Mibel' pJt*llUb ,,_ .............. 0-.V-
C~tt of Mtl atllo~• 4.Cl'_.«I, ttae noc pwth ctecl'.....-. hdflef 
ud ._1., (1t63) •tudied the efftllQt •I• hll11 atal pr .. tol'e M tlMt 
pwtb oi the epteoql of 91cl« t•ba va· .. .S.ll01' Ink .. !Uy ~Jee.., 
tllM• ep1-t1l• t .• • ui.1 pl'd•ure o! '"'· ~• .fu 48 ._.,._ by 
..a of • pt•ton tlft!_....t. ftla,J ,_.. daft tlloe «Jlcotyl• .,..... 12 
pco•at ao.-ter tl'MD. COGtPl eptcet.71• Vblcil had· •lfot'ted a u1lt1Dl• 
. ' 
loa4.. n.1 tatnpreted tu •••• • t.ldicatloa ·iut • ...._1 tr••r• of 
o.s • ._.,._. WM .. u ..,. .. _. wt.tit tlut point .... ,_.._. wl\lcb oftea 
... to .,. .......... , ....... t.a .uou .. 
JhUU_p• (lPJi) per~ .~atc;17 _,.rU.nte to :1tu47 cJM. P'Rtll 
ol oora. :Illa ~luio• •• u foltoMi 
1. MK!ulolcal .._...._. u ebanc•ertad '1 - ·lk d••it1 ud Dffd1• 
,._t.hbil.f.tJ 1iad.U· powtil and et-..t• Of l'OOt•·• 
1. IM41• ,._twut.U,tr t• • •U.pt.iy •r• seui.u ... ta.tu•tor of 
~.._lcat. l.,..t-.ce of all tlum u ltt.:llk 4•nlty. 
,.. ....i. ............ l• ......... tf.•• , .... to fiul Jt.•ld• 
daft .. tMalk •-1t7 .. 
.__ (19d0). tn •tod1ta1 -. l••••t. •r..,.l•• df.cttq ... u.aa 
--~pace, •*· .. 11 pl•te coualnlq •U e•to.tl:oa ot dlY• t•.Ul•l 
•U •l•t•• 1••1• _. tbi:• ••l•• ..,_.tlmw la • kl-.::.t lacttc:.e 
4e•lp .. 'l'lle l.r ... tot• --•red h1 hi• wre1 c...,.:tatuu, Vitll 
tllermcoup1••• •t.1 •t.a•r•.• wtr.h m•• t.iooua uratton (•lr ,..._,. ... 
t>tU.cy) wt.ch. a .,. ....... .,, •a4 aott 1*1•tct.al ~· vtth ieflAthl>l• 
!Nr:ted ,,_ttoou. a. f0Uwto1 f»llOluatoas wv• dt'--. fl'Oll dll• •t.Syi 
10 
1.. Jhe air ;a~tu.t, of the 901.l dnn•.t • ·the ••rfac• 
OOllpMtlcm _. tnor..,.... .. 
2. AptcA1 u,.d.-e •nn•ll:r 1ncrr••-4 d tba .. n dt'lri .. 
I. Ph1•toat f.lrpttd._e t.ncrened wltb ••'-* •-..cttoih 
(9 ftl,.lcc•1 ....,..._. fmM41't•lJ •ftet Jl•tlq iMT'•U.t tiritb ti.. 
mc>latun: coatut of tU •il at plat&. ... 
5. Tb• al~ perMOlllt)' of loMf ._.toll after pl&uLoa o.-.-atlol\a 
l.Mreu.d ... the •f.•tun COtlt'Ut of the HU. •t plaat1al ltM ' 
, ......... 
wu.u ... (19)6) tUd • t••"'11••• for _,.rlna the._.., ... force 
u.el'ttd by .. u ..... .,.1... C.nd.•ttq Red• ..... •ltjeO'.t«tl to ·tM 
Vfttic•l fol'C.: of •1pted 11-• ..-. vb.tie btai8t IWWtr•llMM1 1awra117 l»J 
ai.• tubtq:, a..11:"1.ltul •--ut of dl• rod ., .. tecord.tt M •vi.S.ac• 
thal tM :•tedU.ag •__.tell• lone "u•l tc> tile. welpt of tb.6 S'Od. le 
found tut tll• ...-....- tc,i:ce i• wq olOMtJ nlated, to tbe ••• wlsh•· 
Jhtf tupat • ..._. •P"t••• •uhtnrUUt.l clout _.Thi tu _..., •.• , 
... ,., ... force, **' t1'e .. 11.e•t:, •lf•lt• ·••1tUd tile · lll••· 
Morton (11'9) 4ew.lop41d • •c1laaloa1 .•edltq to .Set•,._ cbe •pl• 
tude of the •••11 ·~- 1>7 tu ..,U.at clvtf.'81 t.u ,.__..tf.oa f.• totl 
Vlth vutwa ~ac:ttou pY•••,nru., laiti•l 11.d.atQr. cnt•t• * dlfl•a 
,.-todt. ·u. u•td ... u •lo plutu boa. wbkll ver• l'U.led nth aou. 
"-la& a ~.uula tUf.,l&t •l•Cut• con,teat u4 <:..,_,td bf 4-al."4 COl!p-.C• 
ct.on f:re•nre. to •i•lat• tleld comU.ctuu. ~ Af..1 .,.. lid ... u bole• 
u. 
ct-r:11lu t.n n• bQ;tta .. . le u1~ •Clhci••l ·teecfUop. o:f' vet..- dt.alleter•· 
___:::;> the •tp dlMe:t•• of. dMt .acMol.4al aedlintf •tr• •ltpil1 l&l' .. '1' tha 
U.f.r •t• dt.-••r• • o to l"•.duce -~lve ahati•a r••l•tac'• fo.rcea .• 
tlM mecMntcal ~Uaa wu llDWl_. on. a •U.t.' hpported t.e.. lutn-
_.t-4 wtth •-r•ta ~·· .M n. .achMlul . .-uq-* tht'oo,P the 
•all fr• c:hfl bott• of dle box, t~ f•n• •Ut"t-4 l>y lt: at recode4 h7 
oscillotta,b •"1S.,.at. Re . c01M1tlude4 tbe followtaa ~••1dt• ft'oa l:d.• 
•tudfl 
l. !he ••re ftffl\llt'ecl fo'F .,..raeue• 1-••aMCI 4lrectlv7 wlth 
4ompMUM pre••_..• isdtf..al •OU •S..tu.-. CfttQt, ._._.t ·Of 
•ll ..,, •• *"•· .... loAlteotlJ'•tth .Ol•t•t'• cot• t •t 
lbe tlM of •••un.a1. 
' I .,\ I 
l. IMl'tD' l"•lnct to:r ••l'PQCt ,._,,~_... wtth th probe dU..ter. 
J .• Und•r ccm41tf.ou et u 4rfl•I•. a. aecllnt.cAl ftr&lth of tu 
' .. . . ' ' ' ' 
•oll llttf~ 1•«eae4 oal;r ,•U.pt1yvit~ qS.ag. 
lbtut.i.t (1960) ulq the .. •- t.aia..- M u•ed 1>7 Mor~ (l959), 
' ,: ' ' ". '., I , I ' . , 
....SU.01 and die ......... of actual ptaat . •Mdlt.op~ a. f-.-4 wt '1Ml1'• 
, , t , ·' 1 ', 1 ' l ' : L , '• ,, ' I• : • ,, 
the •ft•' of •ilt•t-• oa th ~1101 --~ ... •r• t._ ~b.e laflu• 
' ' ' ' ' ' • ' ' t \ :. ,, '; ' ' 
enc• of •i•tua on.._.. ••• fore• of• mc'hatcal ••114Uq. 
~ ' I , , ' i 
u actual .c.on ndU.111 •• MOUn.f..;al •.tl•'*I while eMl'.tlag Jin_.., ... 
act att•eace of Mtl. rn. 1tocltu of •r.ookatoa 1aacly lo• flitb . lnltial 
12 
.of.•t\in cont•nU kttl'ftll 12 perce•t bd: 20 .-~•t., with ICJ:rfac. OOlfPM• 
tlon r>••••n• v.q1q from 0 .. 5 P•l to 1 .. 0 hl,. ad fO!r 4't)':tq t:IJM• (at 
10• f.) wryllJg fro. ••n to tbr111 dq•. tk foltowlq eoulvatou W1'e 
dr.-.m I»)' ldai 
l. loll •tnnatl:\, u ... u.-tct '-1 tt• Hltl•t•ae to a peaetJ:'Olaete'.f 
pro'be, iMre•Hd Hu.ut1 •I.th luT•Mf.na •...-cl.a t~n. 
•· Iott •tnuatb .._,,.._. 11 ...... 11 •tb l•l' ... l"I tn1tta1 Mll 
aot1tu.re contnt ...... _..,,., oondf.tlo•• 
J,. lotl •ti•.sgth dec•••e4 with '1te. ....-. of d&J* of 4qtna. 
4. ..., .. tllft•t eM'rted b1 hdllq, •• .....,... ,,. tM tlt.-t 
•••· tJi ~• ~· of •U. •• 0.60 .-1111 a4 tut _.._. 
tn a. fl'•••nc• of arooutcm •adr tom ,,.. 0.6& pout1t4,. 
Ga111!1H' .a ....,_ (1,6!) lllUUnd th t•t•l fo~c• aerted b1 cotton 
--'ltnp t.o ..._,.atna tllf-ah • i.,.· of •tl. .,..., •-~ t:Ut tu 
tlle fil'•t. dine boUR dt•Jr plaftttn& d\e fOtrd IJWl'end U__.11 VUh 
tiM at • re1Attwl7 npict r•i.. Wbtdt ._, attrtlNted to 1WU.l91 e>f t.ha 
aeed. Altar thne lloon * fofttt d"rRtd which wu r•f•ttfMI to pl .. tlc 
fa11u• of Mil., h'• tan to f :Ut.-n hour•. tlMa fo"• i11eHUe4 •plo 
J.ndicatiaa that the •*' wa •tUl ••lttq. De fOI'« tnereu.t 8"e•t.1:r 
bef al'e earpnce and then dropped of! 8Udclenl,. af f u ....,q.eu• ••n t1ae 
faUwe of aotl OCCft'J'ed .• 
Kopld.rtt •tat~, (196)) fouad Oat t"'- •treqt:ll of cl47 eovld k ••rt.eel 
1q ehaqtq di• t .... t'at_.. At rooat tMfU'•tun1• the cl•Y --• W • 
•tnngtb of et ,.1 ad at io1• f. • tire etq •tn-.a wu SO ,.1.. TH 
•tftl'lg~ .,... ••ured ., ...,.rln1 ttt. foroe htlf.llred to sl.wt1 .,... • 
ll 
Little effort baa beea 11N• tn ap l1ing die ~111elpl .. of totl 
me let to t r .. t•taanc• offered by '°1.l durl a dbl 41Mratq procH• of 
a ..--i1n1. t lot.a• -.trt"t nlatt u •r•, h"""9r, avatlal• t •tl 
_._ie• vhtcla •• .freqve tl1 Md for li l~ cha 0.ar •thllltt. of 
•o11; but aoM of tM .. eot.ild k und ••tl•feetorlly tor calculatt.91 tlM 
-rpoo fore• of •••lttna Dll•r • given etaaattoa. ••-....ra (lf61) 
atac.d daat soll .aelaaot.e•. Vhf.di itlpU.•• cleformaUou aad .,,u-s forffa, 
e ...-..w pl'edtet plant llJ'OW • a. •1~ 4tacu••e4 t ...._ for • tlant 
mechaalc• vht related •l•t P"Wtll to teforatlou aad ett·•oataa. of 
9011•· Later, ¥adenhra la 1962 foqllfll ,._. veey profll.•f.na ruultt i.ft t1Mt 
r•l&tloo of bulk deulty o tile .._ ao..-l •tnff _. ••1 .. •..._.iol 
ltfUA+ 
a.kku (1960) 4.w~pecl • e1Pil'ical 1• apr•••lq tile nl•ttoulatp 
htWU loa4 °" a rect...-1• lAi. ad tM •f.nlcqe of tilt• plate tnto 
tlMt tt0ll. TM .. .._r 4tf&U&tf.o i• apr...., • fotlOft: 
vlaerei 
1 * load .cttna oo a rect .... lar pl•t• 
• .mtlu of 4e .onation clue to coa..•l• CotipOMat of t.be aoll 
~ • mdulu f 4eforMtioo 4• to tt.e frlctloul COllfOailOt 
b • ... tier as... .. 1oa of ta.. plat• 
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I •· •tak.41.., of plate 
a • exponent of tteforutlon 
CA'fur ud aow.a (196)) 01'4 Moth''• theo.rJ to calculate ·taa. fcn:ce 
eurtecl b1 u ....,11na ••••Utq. Mohr•• thory b repre••nted by the 
foUowlaa t'elattoa.t 
. Pl • llUf.am pd.ul,.l •tl:'ea• 
t 3 • •tni.. pd.nctpal atr••• • vs *-"• " • wtpt of nu per caait 
volae U&I • • d•ptb of tot1 _.., 
lo .... of .HMUUI _.raeace, O&l'net &ltd lowD •••UMd P3 • .._ 
where k • o.s, • ••lv• ••oatd 1>1 th• ao M to col'ft•pond to tu •h'••••• 
c&neloped ., • •ee•Utna. TMy furtbel' •••_.. cut the MCbalcal •••Ula1 
w•• epltertoal .and that eke force w•• dl•tl'iluatt4 Oft't the top balf of f.h 
•urtau. 11 ulna tile •lMne relation an4 th••• .. au.,ttou. thef 
calcll\&t.H tb• !ore• ue1'ted a., the .eouftlc•l Mdli•I• TH v.due of 
fore• calculatecl by th• vu •• foul'tb •f the actual w.loe ... vred .,, 
Drev ( 1962). TheJ referrecl thl• tlevlatlon of th calculated ••ltte fr• 
die practical to tbe fol1ow1na ••uro•• of •Yrt>~i 
l. The valu.• of cohetlon (c) • •uured ta the t.alttal etate 11 
dt.ff•reat at en ti• of faUuw:e aft•r due Ma'lla& ft4ld u.aa 
,,.. e~ted tb• •ot1. 
2. 'tbe value of tbe bortaont.•1 prtncl&>•l •tru• •••u.d tft COilJN:ta-
t:l•n bf u•tA& k • O.S, l• too ... 11, •lnce tbe toU 1.1•ed vu 
it:OllfCted ia .. u boa•, an4 t • ., .. coa!iaH et tlM ...._al•• 
vlilda .. t taa.. plaeM it ta tat. -~tW bakiM •Cate. 
Then ta a DHd. tor ti.. devielopmnt. of • t1attoQ fo~ c•lctdaU.q tlae 
suutanc• of fencl b' tlwl IOU durf.q tu ........ of cu •••U.1aa. 'l'llt• 
tbeorf .taoul4 t• t•t acCCNAt tlM . 11 .u tlMt •M4U.na c-4tt.t.oae. la 
cu followt.q ,....., •tfort• ue Md• to cl wlop • ..,1d.ul ff1-t1o11 
vtth tile lwlp of aoU ..olwiatc:e. 
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tu .,_l"Pnh of a IMdltq MY be coapt1red to drl'VlOI & pUiq. 
therefore, ptU.q tlaeor, •1.\1 a. uHd ta deri-.t.aa tlMt theoreUo•l relation 
for tu u.aLtua fore• aarted 1>,7 • •Clhafttc,a1 --'liq. 
Couthr • coato•l ....,_. 9"haat.:a1 .. tltdllq eateriq tlwl •oU taox 
troa ltl ltott• 1uface, M • 1t.otfta ta r1aur• l . lt •1•11 ••• -..,.,art 
u •llowa bJ tbe cw wrtte•l 4ott..S lt••~ Cl 1• th to, 1Vf•• et ilae 
aotl 4Qd ~• 1° tile total depth of U. RU l• tlle hx. 
TIMa ...... fol'Oe •M'ttM b7 ~ •ClulaiMl •M4U.q U &lwn. bJ tile 
fol14.•iaa re.latm: 
where 1 • .a1- fGl'c.• .. rted by tu •eectlua 
11 • frtctioul rulltece. 1tebf•n tu •U -4 tlM •vl'fau o.f the 
•Mdltq ln contat Vith tJae .. u. 
a, • tlp or poiet t.eu101 load of th• ·•••Htq. 
to calcul•t• If• tbe frtctioeal rui•taae, c°"'lde'" • ... u •U.•• of 
tl&icbe•• 41l fr•• cU.atano• ll u ,...,_ ln fiattr• 1. M tla• 1eet1Ua1 bd 
to fore• the. IVl'l'Ofmdiq eotl outward•• ,_.,..,.•ant.a pr ... ure u cfeftlop4tfl 
t.7 ta. 1011 '" rupoue to cu .,......t of ct. nedU.na. 
!At paulve earth preMvn on t .. •lice • /jp 
wMr• c • coU.ion of MUt ' • -at• of iiaterul friction of .aU; • • 
wipt .of aoil pel' u.Ut wi.... 
17 
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FIGURE I MECHANICAL SEEDLING ENTERING 
THE SOIL FROM THE BOTTOM 
SURFACE. 
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Ltt•t'•l force ft th •U.ce • (k tu (tJ•+l/t) + '* t•:I (4.S•*'/2)J @•A 
wbel'e d • ,.r'-t•r of dt• •1tee 
M>"A • -.. of the 1U• 
l'oc.l 1•-~•l f•u oo tbe ....Sllna • r • k 'OD ta (4s• + 4/2) 
1 
+ - , .. 2 (4J*+tl/l) 1· WI& 
• . . . . I 
r ~ 2c vo l ta .(41• + •I'll + • • j , .. 2 (45• + "'"' 
••• "* • oafftoi•t of fri4t1- k,._. t1M •"ll Mil the aedU.119. 
Pot ta. potnt .,._.,., 1~ of tUi ..,U.q,, It• tu to11w1111 r•1• .. 
tlon wS.U be ..-: 
(l) 
ii •' ' ' ' ' wur• 4 • uu of tM. ctp of •• ....,ltq Ul4 ti. tua to dut· twac=bt 
l• ._ PfllRUI'• of ch• nC.l (P••l• ._.. PIQ•P) ••lna on dM ef.p~. 
TM ._._. fore•, a,, ••~•.S by· tb ••U.., ta *"* •u• of ...-11-. 
.laad2udt•1tvub7 
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lt b..- b4Mta -.. ... 1c.t. tlaat for c•lcu1atlaa a fJ'oa 14luatioo J • 
.. ul••1•nt deptb elaotald b4a uaed toat.., of tlMt lull '-Ptll of tba eo11. 
•1•• , .. fon• .. rt., by tlM ....au.n1 bee_. .. ._. after llO'riq 
ti.TOOP • ,part of t'- tot•l 4-ptil of dl• aoil. 
lor fiMlo• tlaa -..l•lnt leqtll, 10 , tM foUowiq •tbod will h 
Let tll• term lt'l tlw Hut kacU.t• of uaU.oo 3M ••1..al•t to A 
ad tlaat In tile •ecood. tn-llekatt IN! I, din 
2 a • A (10 + 10 ) + t 10 
01' A 1 2 + (A + I) 10 • Jl • 0 
•(A+ •2 + l(A +,1)21 + 4 MJl/2 
lo• 2A 
'tbua dM procri••• for oaloulatt.111 1. tile .,.,... '°"• •urttMI t.1 
tu •MdUaa. ta u followa: 
i. A8ew. • cert•i1' -aut•l•c t•nath 10 
2. Caloulate A, I ·ud I 
). Calculate lo r~- 11auatton 4 
4. 1.epeat tlMt proc..Sure uaU.1 * calcul•t.t 10 • th• .. ._.. lo• 
$. U.. thla flul val•• of 10 fof tta. calcnalatloa of 1 . 
(4) 
fte obJ•tlve of dale •tucl7 .,.. to d•t•ni• tta. effect• of 9011 
,__t•l'• oo tb.e etr-atll of toll •• tile reaottoa ot the ....tt.tas to tile 
pv-ter•. TM atrnatb of •oU i• •t• •a.d1 U. IMaeo 'l'•fnnd to .. 
tile force ••rt-1 b1 • .-cbantcal .... Una wlaft f.t ...,_... tbroup t .. 1011. 
laportnt toU ,.._i.t• cout&a.n4 ta tilt. atudJ ar• .. follow~ 
l. H.ol•t~re ooat~t 
z. ~tio ........... 
3. Tellperatur• 
4. AUHPtioa 
s. Aqle of i•tttmal fl'ictloo of 9011 
6. COU.1oa of eoil 
to acllieve tlMt l'-..lr .. obJ•t1w•, ta aole •tucl7 vu nWtvtde4 
lato th foltovl., p-oup•t 
A. fo etU'ldoe tlae •ffata of •l•ture coatftt; c_,_tloa pnuue 
t.Hperatter• dl• -. .. .,._.of alf•lf• _.corn ...su. .... 
I. To deten1t• tla.e efteota of •tewr• eootdt., c..,_tl a pr .. eu.~e 
w t_,.rat.t1re oa tile fore• ••Red bJ die mcbaaiQal MMU.ap 
¥bile pueiq du'O&Jp taa. htl~ ho .-cb.aalcal MedUqa. ._ 
uv1aa ta. ~U.-t•l" equal co alfalfa •HdU.-. ud tu ottua-r of 
con ....iu.na df. ... t•r, "*" uae4 for tld• fKU"P09•• 
c. To ct.~nd• ta.. n1at1oulaf.p a..i:weu tbe •••illtaa ........ and 
t • -r••• force on tile mcbantc•l ....eu.a1 . 
• To alculace tta. us....- fore• uertM '91 ctae -.chaole•1 •*4Una 
by --. of tM ..,1rt.•l r•l•tto d ... loped l• dt.e ttMaort 
outU...S eo.. 
&. To c•levlat4a dM euar •Creqtb of aot.1 b7 .-1., u.1• of tile 
fore• .._rted t.7 m. ..._ntoal Mdltq,. 
r. To deteni• ehe •ff.ct of ll'aul• •t•• of toil. on t.lae ...-r..-. 
of the Mdlt"I' •• tile fot"M uenecl bf the mcbaalcal Me4· 
U.•1· 
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DUmlIPl'!OI 01' IQUlNU't 
A ••11 peaetnMter •• coutruoted fot' uu to thi• •tudy. ot-..l' 
~,d.,_nt .,Md. but not ~outrw;te.t • tnclucled tu ot.f•r u,..-apaa,, 
bJdr•U.c pi:i.... electl'ie apw•79r, ••••1.' cyU.nder ad rotu7 at.w. 
toll ••••tro.et•• 
Till• J.ut,,,..ut (ft.pro 2. 3) ... ooutructff' for aeuurtna tbe 
force ••rt:ad d1.11'lnt dM ._rpawe of • •eU.tcal •"4111.ftl• ,.._ ••••· 
tc•l •eedU•1 ud• of •tee1 •• forctld thro.p tbe •oU tn • .._.r 
•latlar to • eMl'tf.n• ..-itq. th• •dl•ic•l ...tuna •Id: • coatca1 
•U,. at it• ttp vbl.ch wu •ed.t414 at t:u tot of ttM toq circular •Hd• 
Uq. Tile 111: .. cu.-'*" of die •ch•l.c•1 MdH•a -. •U.ptl1 ... uu 
the tbe tip 41-t•r *- .. to •total• MbHton 111lil• p••tt.attaa tuoup 
ta.. •oU. ft1• ...._teal ....SU.nt wa attached to the .- of th 
cutU••r k• e11plo1ta1 u Sl'"'4 •t.-•to .-.. bt:"ld .. for MUiq the 
fore• ••rtecl •1 •l\e -.cbaical •••lltog.. the cumtlle.ver be• v• in tuft 
•upported by tbe t:ectuaul• card.ap Wllicb W9 ooutT•lud to.,. up md 
clOft aloo1 the tVO ptd• Ted• •t tu r•t• of •lt'lt tnche• ,.r •l•t•. 11 
nplo1tq coal• - taicrowttcbe•, . tu rtter••l .. ••teat of llOtlou ... 
acb.te'Md .. The •lpal from th •train s•P brlclp ... . .,Ufie4 .aatd 
r•ordad b7 the Offflft' •o,nograplt. 
t'!d.• tutnmeat (ftpu-e 4). uuufactudd by._.._ toat~at tu., 
Gb.t.cqo. va• Qte4 fo~ -.u.111na Md ruor4taa tba foru on •U.laer 
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Fig. 2. Soil penetrometer showing the mechanical seedling 



















































































































































































































































































































































































































































































































































































































































































































































Fig. 4. View of the Offner Dynograph 
Fig. 5. View of the hydraulic press compacting the soil 
d•toa U. fJ:oc•• were kot.o dOlm t1'to ''Ml' aiaiertat ttr yul>t;tq wltb ..... 
. Val•• of .the •tl• of ht~Hl'Ul fl"S.Olf.OA· , .. ·•••tltll of •11 fth 
otu-.. 11>1 qpl•Jt•a ~ •lld'r' c'U.Dd•Y (fl:pr• 1) constncted bJ a.. 
UtD). fti• c:yuu...- l• •tt•bed •t tu •ad of a tOl'4Ua .... 1., .. _.1,. 
at.ch 1• eaaenitaU1 • hOUoe ctreular toll 8flpldJf.u& • · D-4 •tt•lr. S-P 
ktdte· ' ne e7llnder llaviq fftl' ........ qn ,tt• t•td• •l'fac:• ·-..... 
i•to the toll. n. •ot1 wnml Cb• •t•t•• of tllll· e71llldn wu ~•hUy 
.......... to • d•ptb of 1/l•JJtcb bel• ta.. J.owee *'• of 'th cyHad•I'· 
ftl• late • •iiot't ctnulat> col- of Mll '91• tlle •bear cyU.M&r~ 
Wei-Pt•...,... plu.S oa a paa •ttacbd to tbe. top of tn cen~r l'Cld. U.. 
-.ouut of weJ.pt .Wd cktttndmd tu 1"81 • ·f ftftlll1 •lr••• oa t.la .._ 
pl••· ·the MU. f.h,lta'I in tl'le pf.p of tlle c.yl.~ vu •11~ to t.t.1 
1.1 ••" 011 si•Jne s.i • M•U.rna __.t. !he ......_ tor•• dnetopad -. 
ceooried by otta.r ~-•· tr. tbt• ......... eo~. o. ......... .._.. 
t ·a •trau ~f •oil vu cal«sulAte.d b1 v.lq 'Ct.a .foltowl-a '°""t• d.,,.l.oped 
by ... 1.., (ltft)i 
ti • ••••• tOl'Cld ,._1.-e.11 to •he• a. toll 
l • r.Slv• of tb• 4711_.l' of Hil Ae•ed 
..,_l •l'l'e• nt calculated by dtYtcH.q dut vet&" qpUed on tile 
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Fig. 6. The electric sprayer used for increasing the moisture content 
of soil 
Fig. 7. Shear cylinder 
rod wltll tile f.llntr ca-DU acttowal ••of tll• ...._ c7ltadu:. T&lPe 
value• of 'ftOl'M.1 Mil • ..._ 1cr••• ee1'e tbea plotted aptut .-k oth•t 
co d•ter.S.n• tb •lv•• of -al• of £nt•nal frtc:tl• _. colteaiou of 
10U. 
1lit• •1.,,. (ft.aw• I) wae built.,, LuCt••lt (l96J) _. ... UM4: tor 
•ep.arattoa ••1CMl9' •l••• of aotl Ued in eta. Q:perllllot. ft• aeneu 
.- t.A the coutructlon ·OI th6 cotK7 auw wue ...,. f..- 111..,, 1/4•, 
1/2 .... - 1•tuh wk• ..... .. l•p•t ........ - . ... -u .. t 
07lio4er •nd tlte ... u .. t -. ... oa die l•tN' c7l1ader.. TIMI rot_, 
.lf.ft'e vu tloped ~ t.,..I• th dl.90.laea- ead •t • •lope of 7 
M&ftd to .,.. the soil lity •..tty fol' efft.c.U.t •l•Ylftl ote••d.oQ. A 
•teotwtc ae• •tor vttb a .,_. r•o~t.on ot 1 to 41 .. ,. vu ..- ·• 
dlff.w tb• l'•tuJ •hff· With ,.. •.-rnau•at,a 1-112. l",. •teve ttotattoo 
.............. Mlt ....... ,, of s fMt pu tliwt• •ff acbkwd. Ai-r 
dried aoll .., ,teed Oft die bopper ad 1t• vot.ou .ia .. Wl'• •.,_•ted 
tq cU.ffHeAt •t.-. ud ooU.-ctecl to ._,... 
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Fig. 8. View of the rotary sieve 
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DUCatm or sou. 
tu MU utled tlareu.-t tilt• •t\Ul1 "" Ntft olq lo• eu...atecl 
!rott tbe '&1'~ .. &arletaltu•l lqtaearia1 ,_.. loc•t..t I •tl•• wat of 
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FIGURE 9 : EFFECT OF TEMPERATURE ON EMERGENCE 
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Fl GURE 10 : PERCENTAGE EMERGENCE OF ALFALFA SEED-
LINGS ON DIFFERENT DAYS AFTER PLANTING. 
(AT DIFFERENT TEMPERATURES) 
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FIGURE rl : EFFECT OF TEMPERATURE ON MAXIMUM 
FORCE EXERTED BY ALFALFA MECHANICAL 
SEEDLING. {0.047 11 DIA. PROBE} 
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FIGURE 12 : EFFECT OF TEMPERATURE ON MAXIMUM 
FORCE EXERTED BY ALFALFA MECHANICAL 



































0 15 20 25 30 35 
TEMPERATURE ( °C} 
FIGURE 13 :EFFECT OF TEMPERATURE ON MAXIMUM 
FORCE EXERTED BY ALFALFA MECHANICAL 
SEEDLING. (0.047 11 DIA. PROBE} 
42 
urkad decU.utlon u tu •"tUQ&t1' vttli ~ it\c-rean 1• t_,.ratYl'• wU l 
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FIGURE 14 : RELATIONSHIP BETWEEN MAXIMUM EMER -
GENGE OF ALFALFA SEEDLING AND THE FORCE 
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Fl GURE 15: EFFECT OF TEMPERATURE ON PER-
CENTAGE EMERGENCE OF CORN SEED-
LINGS. 
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FIGURE 16: RELATIONSHIP BETWEEN DAYS AFTER PLANTING 
AND PERCENTAGE EMERGENCE OF CORN SEED-
LINGS AT DIFFERENT TEMPERATURES (0.5 PSI 
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FIGURE 17= RELATION SH IP BETWEEN DAYS AFTER 
PLANTING AND PERCENTAGE EMERGENCE OF 
CORN SEEDLINGS AT DIFFERENT TEMPERA-
TURES (2 PSI AND 16 % M.C.) 
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talJ1.• t. Aceuslad.• puo•t• .. .._... of Cont ..-11ap (2 p•l. 
1tl mt•twn caateae) 
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.- 30•0. .._ «be ,..,_,,. ,.. ........ t• i-•lMI to t.o ,.,.., tlMt H• 
for 1s•c. clroptt _. u ... ._._ ao.. oi to•c. • u•c. • npnaMted 
.. , ''""" 11. 
15£9.S!l.!f .. , 
TM wlat ol •••aatta of Mtl WI'• ••t•nt• bJ iU fofce .-ru.t 
•1 eon ... aoiul ..,liq _,, _.. no.-.. l.ll Appndl• 111. rtpn 1a 
np«M•t• tbe effM.t of ~•ttmt• •l•t¥H *"' .,.uttoa pnanre 
oa u.e ••iw• Ion• ._ ... tad '' t-a. cora ..0•lc•1 ..-u... ...._lutona 
dr-. f..._ e.,_t..at: .,...., 1 •• al#O 11ppltcal• lo dlU Gp9r._.t Vldl 
dM ncepc.tcm dla& tlul .twee eMl'CM 1'J •n -.cb•l.o•l • ... lb& h _.. 
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FIGURE 18: EFFECT OF TEMPERATURE ON MAXIMUM 
FORCE EXERTED BY CORN MECHANICAL 
SEEDLING. (0.094 11 DIA. PROBE) 
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§tat&•!h!l e1tn!' of tit! orce d!tt 
'J'ke •lttplw ltlliMS' nan••lota aul,.1• ... aleO .... la daU expel'l• 
MOt to olttaln pndlct:toll ..-,cloa for ta.. fol'Ofl UfttM i,,, con MClaateal 
..-1101. n.. data recol'4ed in AppurU.x Ill tor tbe -..euncl fore..,.. 
:aaal1U4 "-1 &db& UllMr ~Pi• •ctuatf.oa of tt.. fo19; 
c • •d•te4 fore• .-rt.ct '1 eon aitelMatcal ....SUqt lu. 
11 • t..,.rat.,.., •c. 
X2 • c011pactioo pra•ee, ,.1 
s3 • aoutvn eoac• t. tHmt.t "*" n.u 
!Ila predi4ttoa etpaatioa tllu• ollltatw t•: 
TIMI c•ffteieat of •ltipl• oonelaU.OA ... O.tt•. AU tlMt tlar• 1a-
c1..-adeat v•f.-'>l•• ontrtkt• to tile pradtcsta.OQ of tbe force • tbelr 
nar .. •ioo oetflei•t• ._.. found •1pf.flcMt. hf•• S.•tl• 7 v• 
uMCl tor pndtotlq ta.. lone, l•t•r•tiou bet.we• tbe ,.._.,.....t 
••tal .. Wt'e couU."4, J•t u •-. la • .,.rlmat ..-. .. 1. to 
MCOt&Dt for taa... lnt.-aetS.oae, •ltt.pl• U.M&I' nar ... t.on 9'U•tt• of 
tile follori• tom.,.. UMdi 
(7) 
Vlth tlal• fora of Tqruaiola aquatlo • data of Appadla IU..,,. tH 
followt•a predio-ttoa .....-etoo; 
Y0 • -0.10 + o.oo.x1 + o.at**z2 + o.or.13 ... o.01*X112 
- O.OOSl1X3 + l.41tx3 
Tbe •lttple cornlaU.oa coefflct•t vu O .. H ... 
...,.uoa I •• ...,... c•lovlate tlae fore• ._rt .. l>y ta.. con 
Mdaeaical .IMdU• at dt.tf••at 1..-ta of ,...,_. .. t ••tal••· , ... 
calc1alat..a •alue• •• utend tn Appeadf.x Ill. 
• llplff.oant ac tlae S perc•t l•wl. 
•tlptftcat at tbe 1 ,.rc•t 1-el. 
(I) 
,. 
One of the objectlft• of ta •ttMIJ, u •1"*'1 ••tloned. -. t . 
._lop • tlaeot'J fo~ ti. ealeul-.tl of tlae .xi.. :fccu ••rt-4 t.1 ta. 
lllChaai al AedU. aa it 'ptlnett'4lt.U t~ab tile eof.1. TU tlaeol")' 1'• 
a1r..a1 bft· dftel • ltefon haaci, to .acCOllPU .. •ch a ...a. 8'u&tlou 
3 vu o UJ.Md ta thu t'beory, etcb. p-.ea ti.. ... ..._ force ...-ced '' 
•t e Medliq d'U'illl penetration. Before tl\la 9411uatlon vaa M4 dae val•• 
of thil !ollowina facto~• VIII'• fll'•t detenaia.dt 
1. Coaaeatoa of •11 (C) 
2. Mil• of int•nal trlctf.OR of eotl (_, 
rw the ••teninati• ot t._.. tw tcton, tlae ...._ 01tt•r kilt 
1ty ._. (1159) _, '*"'· ••• wltll sof.1 .tt 16 ,.rceot •i•t•n eoatni 
WW• c.,...,_t.. to dlf fenat COlllfCCC:loa PNIJ_..... '11111 toll J.a tlae l»o_. 
... din •J•tad to Mn&l ....... •t•HM• ., ., .. ~ ...... c7Ua-
..... The valua of ..._ •tn_. of toll at die tt.1 of fallu1:e for 
.Slff•r•t ooraal .,....._ .ve nc_,.. i• Tel• to. 
ft... •al-.• of ..-..1 aaid • ..._. •tn .... wr• plocc.4 ... ,Mt _. 
odlilr ......... ta rtaun l9 to ••t•nd• tM .. 1 .. ot -al• of ln~nal 
fJ:tcttoo ad **'°" of Mil at df.f f•rent pr.._r... Ta. _., of 
•us. ........ onS.Ut• np ..... t na,.ctiwl7 tbe oor-l ....... •tn ..... 
Strat.atat U.•• •• ,..... tlaroup tbe plotted potoi.. n. lacltaati• of 
tlae U• to tlae lu:lll'U.tal ate atwa -. ••hl• of -.i. of t.acereat. 
57 
tatitl• 10. lfonal ...... •tnt ... of sotl (for tlae deteNl•tioa I 
eo.s>att.on 
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16°/o MOISTURE CONTENT 
0.5 PSI COMPACTION PRESSURE 
C=l.5 PSI; iJ=23 .75° 
1.0 PSI COMPACTION PRESSURE 
C = 3.0 PSI; 0 = 28.82° 
1.5 PSI COMPACTION PRESSURE 
C=3.85 PSl;D =35° 
2.0 PSI COMPACTION PRESSURE 
C= 5.0 PSI ·, QJ = 38.66° 
NORMAL STRESS (PSI) 
0 
4 
FIGURE 19: DETERMINATION OF THE VALUES OF COHESION ANO ANGLE OF 
INTERNAL FRICTION 
Jt 
frC.tion (4) ..i lt• t.tweept ft dla •l'tlMl Ml• p¥U the eo11 .. 1oa (C) 
v•1• of die MU.. fteM •1•• of I .- - •• hl'U.tr Aowla tloitM 
•aat•t .._,_. OOlllfacttoa f..n Pll'*t• ae.. It Will M ol>M~ ~ '-tk I 
_. ' , • ., .... vtdl ·dae .,., ....... ''°"· f•l••• of c _. 4 tf.N• 
ctet..iMil ..... l• t•l• 11. 
loll ,._t __ 
c (p•t) 1.J 
, (ti .... ) 14,0 






·~· rr ·J1t1if~"o ·. ·1·· . '. f!!f1:•11 ·1 .· 1 ,. v-1 ·· · ne · 
loll vldl • fattf.al •S."'"· oont•t of ,.16 ,_ .. ,.,.. ....,._. h 
tu .ii . ..,. •• • ._,-. of 1 ..._. ntb a.t ,., •r.f-. ....-u. ,.... . 
..... .. con ~-l -..1,., .... , ...... *•• th aou. c.-ttM•lJ 
.. , ... it .. ........ ,.. ,_. ............ , ....... - OffMI' 
.,,... ............ :t.Ml ... u. ....... . ~ • l•todl depltl •t 
•tl1 ll ..._. tu fipe 11. tlMl aulf*l• d dw ,..,_. .t• • h :U:OD .. 
a. a. ... ._,••l .-11-. acer• ttMt -..t~ of • J,,,.1_. dlhk 
-.11. ·n.e ,..,,._ I•.,.... until lt _..._ IN ,_. •4'1• . ....,. bf dae 
l•tta 11 in-. tt.,.... ,._. e1 to11,. die,._. nm• ft>a9tat:. At 
It tlle fona lll'op• t•Ul.J • a. soU. _.. l•il•• At po.lot C, • 
ltl'fet"ted c_. •f •11 I.• ,..._ upwurl _. n. ...a..ical n•U.1-a wp4 
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16 °/o MOISTURE CONTENT 
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SURFACE COMPACTION PRESSURE (PSI) 
FIGURE 20'. EFFECT OF SURFACE COMPACTION PRESSURES ON 
THE VALUES OF ANGLES OF INTERNAL FRICTION 
AND COHESION OF SOIL 
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0.5 PSI AND 16 °/o M.C. 
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FIGURE 21 : FORCE VS THICKNESS GRAPH. 
~HE CONE HAS SEPARATED DUE 
TO FAILURE OF SOIL) 
1.0 
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froa tbe *>11 at point D. 
Tile boTla01ltal di•taaoe between C allld I repreaente tbe fore• of 
frictlon betw• cu aeedltna tip _. tlM aotl pw• tbe Up bearlq load 
aad ta ••1 to 0.70 pound. The hori&outal dtetace MWMll O .... c elawe 
the •t• fr1ct1oa pl\tt tu wS.pt of cone aad u -.ut to 0. 125 poud. 
C..lculatec:I rorc• 
TM proce4un &iv.a SA tile deTivaUn of tlae t•eonttcal relattoe for 
daa .ext.a forae earted •1 tta. ..-uaa ••• loUGIW4. The eoU value• 
for 0.5 pet .. 16 ,.rc .. t bttlal •i•wr• coatent ....... rou ... : 
C • l .S pel.1 ' • 24•, w • A lk. /cu. ft, .,1 • O. S 
Vida tbt• tnfon11U.oa, tbe calc:tulatecl value• wre u follon: 
If • frlctioeal r .. l•taac• • 0.111 pou 
•i • tip .._..lna toed • 0 .033 pouUd 
• ... ...._ force exerted • a1 + It • 0 .81 pouad 
Tla• expuiMatal valve of l.,.. 0.70 pouic&. 
I~ ltre1&1tll of Soil at tbe Jtomaot of Failure 
Yalue• of ... l• of tateraal frlcttoa ...a colleetoo of toll 4eteraiaed 
earU.tt an "1ic• u.ful ln detend.at.aa tlM u.ar •tnaau of aoU t.1 




....... •tnaatb of toll, p•l 
C • eohui•. pet 
p • ~1 •tr••• pet 
4 • -1• t t tenal frlctton .. ••ar•• 
~ U " ttUltjeot dMt IOU to • c•.-t•l• ooNal •tru•, w ._ 
c011pUt• U. COITdpOfteltaa ...._ 1ir ... of aoll for Iman c ad 4. tue.M 
of., lJi.ot ao at•l'M.l aonal •tr .. • oo ttae' ....,, .. of tlMr aotl, w wf.11 
.U u• of dm ..._1 1tr- ... rt9' ~ ·tlae •c:••t.cal ..-u ... O.n'7 
••tanda:tas tlM •Jd.,. .._. •tl'-.tla of tile Mil Juat Mfon lta f•Uun 
itt datt tS.. of _.r .. -. f tlMJ ..a.at.cal .... u.aa. lt .aa.. beu olteerWld 
e:rpert.MntaUy tlaat Nfore die wra-a• of mcltulc•U • wll •act.al 
.... u ...... ta. •• u fall• "' ......... COM of All ta n.owcl ., tile 
'fel'Ctcat •••• t of dw ....suaa. rt..,.. n allow ptciot-i•Ur tla• coae 
of aotl _. • fne ~ df.qna .-u.1u.aa tile pi.a.. of taUun ... tlae 
poMt le forcn attna oat dMt •11 .... ln tbta ,....,_, p t• t.latl QOl'Ml 
atnH aottaa ,..,...tcui. to MHI' etne•, •· •tell .ct• aleaa tile plae 
of fall rea V ta die •llllt f cou ud f, ta..••••• llOl81 for:ce 
••rte4 '1 the .... uoa. 
lt1 tbe prec:eclilaa parqTapll, lt U. .._ .... clU&' WC tM .,...1 
att"eN, p, ••rhli by tlM .... U•a cu M ... ill ••t...-Df.q tt.e ...... 
•tnqtb of aoil before die --anc• of o. 14MM11tq. '!tau DON&l •t:rM• 
WM c•lo tatecl from daif follwlq reuttooi 
ln 111'"'• 21, it .u lbowll cut f• o .. s ,.1 w l6 percnt tattlal 
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CONE OF SOIL RE MOVED BY THE 
EMERGENCE FORCE EXERTED BY SEEDLING 
FREE BODY DIAGRAM 
AB AND CD ARE THE W 
PLANES OF SHEAR FAILURE. A C 
.--------;----~· 
S = SHEAR STRESS 
P= NORMAL STRESS 
W=WEIGHT OF SOIL (IN THE 
FORM OF CONE) REMOVED 
BY THE SEEDLING. 
F =FORCE EXERTED BY THE 
SEEDLING. 
~ / p"' lf 
~ )} 
B 1 D 
F 
S = C + P tan 0 
WHERE C = COHESION VALUE OF SOIL IN PSI 
¢ = ANGLE OF INTERNAL FRICTION OF SOIL 
IN DEGREES, 
FIGURE 22: FIGURE SHOWING THE PLANES OF FAILURE IN 
THE SOIL MASS AND THE FREE BODY DIAGRAM. 
6S 
•i.•tur• cOQteot. U. Mparated cooe b.act • ~u .... tes of l•·tac:b ad • 
bellbt of 1/2•1ncJi. ., ...... th.ff v•lu.•, the 0111'\fd •vrf-. .... or 
COM wu cateukt.ec! u 2.lt 'fl~•r• t.a.eM•. ttt. ftbae of force 1Mrt-4 
t.7 eom •cU.tc•l affdli"I vu o. 70 pouQ4. th oonal •tll'•U (p) i• .• 
tbeYefore, -a,ual to o.70/2.U OI' O.J3 P•i~ lb..•r att:• .. of MU ac t.U 
.... t of .failure h calcaalated troa tlMt foll•ia1 rel&U,on; 
fl'• Table 11. for o. :5 p•I. • C • 1. 5 pal ad '- • 24 • 
I • 1.5 + 0.33 x tan Jll 
~ 1.5 + O.J) • 0.44, 1111 t.65 pwa.d/••"*ue l•• 
Vf.tb the ... proc.Su.r• the ftOl'Mt tcm:e of 3.2 pou...t• .. •Drttld t.1 
con _..teal N••Ulaa at • .eurfaee COllPactl<m P¥"•••un: of 2.0 '''• 
..- die •bur ltrut of 6.2 ,., at tlM ... nt of latlure of tl\lt aoi.1 . 
llRl.Dtm ... 41 
ar--r1-er-' or CMl8LI Siii OP SOIL 
lti ts • .... tac& tllat co••-- .of ......... to • •tel1d.t1 of 
..-. viU ntvd tlht prat.uttna rro-•• •• to l•k of Wt:ft' oat1•i.. 
f~ ae Med'• to •-1•t.•• 00 tile otJlft Maf., taut f1MM•• ol _.._, .. 
.., bee-. • UatttQI fMt01' 111 ...,_Ul&t!on 4ve co lud••• •r•ttoa. 
TbU ..-1 ... t .,... •••tlS*f to tmNS•tt•te tM •ffec:t of pant.cl• at.n 
of •oil n tb• ... ~~ of die teedt~ aad Paa •treaadl of toil. 'ltae 
etreqtb of nl.l •• 14'C•nd.M4 to ta.. •w wq of ..0.•& ti. .Oaical 
..-1s.oa ·tb.-oqll dMt Mil. 
l .fftlCt ft ... ,, .... 
lhn• pain •••• f.••• 1/l•tncta. l/lt•f.noll d • •tad•r4 mtst•re 
wn **"' Sa dlt. • .,.,1 .. rr. TM •ta..Sud .atxtJtr•, wltb • wlpted 
... of 1/14•1odl. coutated of the· fo.Uovl111 .pare••••• of llff•nat 
1/16•tacla p~ll• •tae 
l/11-tMll INI• .to 




Three ltoutJ .of .all ll'amtl•· ata wr• placed et.:Q 20 clfal!a ued• •• • 
4eptb of l•l.ada fl'M tlMt top •l"facA. CtMpactlatt preQUff vu -..ltd 
..,_b •• ta. MM· t...el Md tM top a'tf••· All t'.lwl boa• "" place4 1n 
a fftWtcc t..,_.atu'l"• t'0019 of u•c. l'tul .-Ta-c•• ,,.... neorid at 
the •ad of 14 •• ,. dt•t' :pl••t'lftl _. wen co1l'ftrleet into penw.QU,... 
n. •.,.n•ot vu repated I.or dUf•'l'at •t•tvre coat•nttt •ad COllPCt.loa 
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pre•.tur••· ~ r.•ult• f ... ~ .. Gee• are record4Ml 1a Tab1• 12. 
r1aur•• 23 &Gd 24 ~ srapldc•lly tile ola .... ill pero• t •• ,. .... 
of alfalfa ....tllop for v&l'f.ff• &r•1 •l••• •t dtffereQt tre•t-t 
C laatlou. 'fheM fJ.pTa• U• iDiltcatlW of tM fact ta.at 'U tbe arata 

















































• ataodarcl aixture at a loftr C011pact1oo value of 0.5 p•i• but vltll tM in• 
er• ... f.n COllP.teUcm pnaa..are aM •l•tur• ooot•t .... r•oee• in tu 
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t::..------6. 16°/o M. C. , 0. 5 PSI 
~----a 20%M.C., 0.5 PSI 
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FIGURE23: 
GRAIN SIZES 
EFFECT OF GRAIN SIZES OF SOIL ON- THE 
PERCENTAGE EMERGENCE OF ALFALFA 
SEEDLINGS AT 0.5 PSI SURFACE COMPACTION 











o o 12o/o M. C., 1.5 PSI 
t:r----~16°/o M.C., 1.5 PSI 
o----- --020°/o M.C., 1.5 PS I 





















A---- -6 16% M.C., I PSI 
0-----a 20°/oM.C., I PSI 
STD. 
1/16°1 1/14' 1/12 1 1110' l/8 11 
GRAIN SIZES 
FIGURE 24: EFFECT OF GRAIN SIZES OF SOIL ON THE 
PERCENTAGE EMERGENCE OF ALFALFA 
SEEDLINGS AT I PSI AND 1.5 PSI SURFACE 
COMPACTION PRESSURES, (ALL BOXES 
PLACED AT 25° C) 
10 
If f•t oa Soil ltrnaQ 
lueap of •oll at dUfereot ar-1• at ... _. .. , ..... _. tt, th 
alfalfa Mobaeical .... u... TM fftl "-• •f .-f.ou p--1• •1-• 
"" tnat:ed wltla difftteot •1•tur• cooi.at• ... COlllPMtioa pn•eu.-.. 
ad •r• bpt in • c...,_.atur• c..-.r •1•talDl4 •t • oout•t tellfft'•• 
tur• of u•c. ltnattb ..... tend. ... Oii tlae ., .. ..., afteco .,.,., , ..... 
to t....,.acun cit.... . fte ... -. for • ••rtll4 tt7 dae -.cU.lcal 
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STANDARD SOIL CONSISTS OF 
(I) I/ 16 11 GRAIN SIZE = 50 °/o 
(IJ} 1/12 11 II II : 30 °lo 
{IJI) 1/10 11 II II : 20 °/o 
A----t::,..._20% ~~~C. Ip 
12% --_§/ 
IJ------<::>--!.t:.._ o M. C. I PS/ ~ 
20 o/c MC 4----6.- - 0 • • 0.5 PSI ------6, 
o.... -o- 12 o/o M. C. 0.5 PSI 
-0 
STD. 
1/1611 1/1411 1112" 1110" 11e 
GRAIN SIZES IN INCHES -
FIGURE25: RELATIONSHIP BETWEEN GRAIN SIZES OF 
SOIL AND THE FORCE EXERTED BY 0.47 11 
DIAMETER PROBE (ALFALFA MECHANICAL 
SEEDLING) 
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It will k c.oaclud .. tr~ rt .. re 25, wt.ell l• tndiutlw of dwt plot 
of ••l•• &lVH '" Tabl• 1J. tlaat .. ta.a partlcta •le• 111e ........ CM 
•tJ>•atb of ao11 clecrew•. II.al•• •C*'•aat' of toll .,,... la a 
•cand'ar4 llixtun wlaf.dt i• COllPO ... o! fine pu.tto1 .. of MU. 
J.Oora~ory l.lwe•tlpU.on. were concluot..S t.o •valuate tlM •ffect• of 
eoU OlllP.OU.on, •l•ture cootent. t•pe:tatur• _. F•ia •1se OD th 
..... ace of •e4U p •• .. r .. ac• fore• of .acbalcal ...SU.o.p. 
lrlaof.ple• of 9011 •claaaic• were utd to calcul•t• tla• tore• ••rtecl b7 
tbe "'4Uag. in.ta ton• ... COl!pared •ltla da.e ..... rt.at•l ••1••. n. 
followtaa coac:l~l · wv• 4rawtl froa tllu •t.ud7: 
1. a.raeac• of COft -4 •lf•lf• •MCIU.ap ctec~• trUb turface 
cot1piteti · pnuoT• nd p-ala •lM u4 taore • vltll :l f.tl•l 
•1•tue t t _. ...,.,., ..... . 
2. o,u ... c...-atun• for ........ are u•c. Md 30•c. for 
alfalfa cosu re.,.ct1ve17. 
3. Tia•...,. • forn on miRHatoal ...,1t1'1 lacr ..... witb iaf.tlal 
•l•tu~• conteot and c:011pacttoa pl'daun but dee~• vttlt 
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r-r..-• of alfal& ...clUg1 ... force ••i-~e4 b •lfall•_ -.c!wllcfl . ~ r • 
•eedltap 
(l) (2) (S) (4) (J) (6) 
cue ~ ...... ltd.•tur• ....... fN'e• (tb•) ... •ttn• d.on c•c> (l*l) (11.t.) (I) ......... Celet0la:ted 
t IJ '·' 12 40 0.40 0.41 2 u t ... o 13 • O.fO o ••• 3 " 1 .. $ 12 0 1,30 l .. 31 
4 1S o • .s 16 6J 0.4J C).4) 
' 15 1.0 16 40 o.to 0 .. 01 t 15 1 .. s 16 0 1 .. so t.'9 
1 1S a.s 20 10 o.so 0.46 
a. lJ t .. O • JO G ..14 0.11 t ts 1 .. J 20 0 l.SO 1.4' 
10 !O o.s 11 '° 0..40 0.39 u 20 1 .. 0 ll so 0.10 o.a2 
12 10 l.5 12 10 1. 20 1 .• 26 
13 20 o .. s 16 70 '·'" 0.4.t 14 20 1.0 16 ,, o •.• , o •. e1 
lS 20 1.5 16 10 l.30 1 .. )3 
16 20 o .. s • ao 0.4# 0.4J 11 20 1.0 • '° O.fl 0.94 11 2Q 1 .. J 20 15 1.40 1 .. 41 
tt ts o.s 12 '' o.sa 0 .. 39 20 2$ l.O 12 60 o .. n 0.11 21 2S 1 .. J 12 15 l • . 1$ 1. ·11 
IZ 15 o.s 16 15 o.48 0.41 
23 25 1.0 16 6S t .. 81 0.,83 ,. 25 1.5 16 • l. '28 1.26 
2S 25 o..s 20 90 ..... .... 
26 u l .. O • 7S 0.11 O.lt 27 " 1., 20 20 l.30 1.)5 
8) 
(1) (2) (J) ( .. ) ($) (6) 
cue ,..,.l' .... ~ llot•t•r• lrlergace ror• (11-) 
cao. ., .... U.a 
t•c> (pt£) (S a,.1*> (l) ...... c.l1•1*tel 
• JO o • .s 11 60 o.Ja o ... 31 • Jo 1 .. 0 11 ,, 0.11 0. 14 30 • 141.J 12 0 1.10 1. 11 
31 30 o.s '' ., o .. o 0"41 12 30 1.0 16 40 0.10 .... 
SJ JO 1 .. s 16 ·O .1.D 1. 1t 
14 • o.s 20 '' o.43 O-r43 ,, JO i .. o· IO 65 o .. to 0.16 
H 30 l.,S 20 I .t .. 38 1.21 
un :ti Ill 
IMrllftC• of cona --4Uaga ad fore:• aert .. 'bJ con mcU.tc•l ... ulna 
(1) (2) (3) (4) (5) (6) 
cu. ,..,. ..... o,.,_ .. Jfoletol"•· IMrpac• Fone (1'8) 
• •tY'te ti 
(9C) (pet) (~ ..... ) (I) .......,..,. . C.1C¥lat .. 
1 15 o.s 12 41 .to 0.11 
2 1S 1.0 12 2' 1.60 1.57 
3 lS l .. S lZ " 2.20 2.'4 4 1-S 2.0 12 30 3.to J.10 
' lS o.s 16 so 0.90 ... • lJ 1.0 16 20 1.60 l.6J 7 15 1.5 16 60 2.30 2.45 • u 2 .. 0 l6 30 3.40 s.u 
' u "' zo SJ 1.00 o ... 10 lj hO 20 30 1.10 1.72 
11 u t.J 20 40 2 .. 30 2.s.s 
12 1S 2.0 20 4, 3.60 3.39 
13 20 o.s 12 6$ o.ao o.1a 
14 20 1.0 12 30 l.SS 1.$2 
1' 20 1.$ ll JS 2.10 2.21 
16 20 2.0 12 4S J.00 3.01 
17 20 O.J 16 80 0.90 0.11 
lt 20 1.0 16 30 1.60 1.$9 
19 ao 1.s 16 70 2.20 2.'1 
20 ~ a.o 16 60 J.20 3.U 
21 20 o.s 20 11 0.90 0.83 
22 !O 1 .. 0 20 60 1.60 1.6S 
13 20 1 .. s 20 '' 2.30 2.46 24 20 2.0 20 S2 3.50 '· 
2J 2S o.i 12 0.7J 0.74 
25 t.o 12 6 1.50 1.41 
27 2S 1.s 12 10 2.10 2.19 
28 2' J.O 12 60 ).10 2.91 
as 
U) (2) (l) (4) (S) (6) 
c.a. lettpe.r• ~- Hotatur• ......... force (1lt•) 
uo. •iv.n ttott 
c•c> (p•i) (I p.a.) (I) Meaured Calc•l•ted 
2' 25 0.5 t• 90 0.$0 o.n JO u l.O 16 •o l.$0 1.53 31 2.5 1.J .16 . 80 2.10 2.28 
31 2' a.o 16 70 s.10 3 .. 04 
" u •. , 20 as Q,.90 0 .. 79 J4 25 t •. Q ., '' 1 .. so l.S ,, I' 1.$ • 61 a.t0 2.31 H u a .. o • to 3 • .30 3. 1.7 
31 30 o., I.I to O.J'S 0 .. 11 • Jo t.o 1.1 80 l.SQ 1 ... 41 39 30 l .. S 12 71 2.00 2.u 
40 30 2 .. 0 LI u 3j00 2.12 
41 30 o.s 16 100 0.80 o.73 
4! so 1.0 16 10 l.50 t. .. 41 
4J 30 1.5 16 to 2.10 a.20 
44 30 2.0 16 80 a.oo t.94 
45 JO o.s 20 ,, 0.-8$ 0~1s 
46 • 1.0 %0 es 1.4, 1 • .52 47 30 1.s • 1J 2.00 2.29 48 30· 2.0 20 72 3.20 :s.o~ 
49 '' o.s l! to 0 .. 12 0.68 so JS 1.0 12 • 1.30 1 .. 36 Jl ,, 1.s 11 6! l,80 2.-. 
$2 3$ 2.0 1.2 50 2.80 2.1a 
S3 ll o •. s 16 Pl a.at '·'' 54 ,, 1.0 li ., l.40 1.41 
'' ll l.S 16. 70 2 .. 00 2.12 ,. " 2.0 16 to 3 •. 00 l.83 
57 ,, O.$ IQ '' o.&J 0.10 S8 )5 t.o • 71 1,4% 1.46 ,, 3J l.J 20 '' 2.00 2.20 60 lS i.o • 48 3.10 2~t.5 
